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ABSTRACT 
Spotted Bass Micropterus punctulatus Rafinesque are a popular sport fish 
primarily found in the streams and reservoirs of the south. The Wabash River, a large 
tributary of the Ohio River, contains a naturally reproducing population on the northern 
boundary of their range. Currently, the lower Wabash River is monitored using two 
different sampling designs, the Long Term Electrofishing Program monitors community 
assemblages using stratified random sampling whereas the Illinois Department of Natural 
Resources uses a fixed sampling design. Due to the wide distribution but low abundance 
of Spotted Bass throughout this drainage, captures from each design were compared to 
assess differences in abundance and size structure. Demographic data collected from each 
sampling design suggests that this population is of low density primarily composed of 
small individuals specific to particular habitats. The findings of this study suggest 
random sampling designs should be used when monitoring low density populations of 
fishes in a large riverine systems because this method provides the greatest spatial 
coverage of habitats, evaluates heterogeneity in distribution, and provides a 
representative measure of abundance throughout an entire aquatic system. 
Black bass, including Spotted Bass, are the top predatory species in most 
Midwestern rivers and reservoirs. Like many fishes, they exhibit ontogenetic shifts in 
habitat use and diet, resulting in selection of different prey items and the use of specific 
habitats throughout their life history. These shifts could lead to different parasite 
assembladges within different size classes of Spotted Bass. In 20 1 4  and 20 1 5, a 
subsample of 126 Spotted Bass ranging in size from 34 - 399 mm were necropsied and 
examined for helminths. Eleven parasites taxa (1 Acanthocephala, 4 Trematoda, 1 
Cestoda, 1 Crustacea, 4 Nematoda) were recovered. All parasites recovered from Spotted 
Bass have been previously reported and are common within many other fish species. 
With the exception of Posthdiplostomum minimum centrarchi, prevalence of all other 
parasites was relatively low. Total length of the host was positively associated with total 
parasite abundance, parasite richness, and prevalence of individual helminth taxa, all of 
which are likely due to differences in exposure and changes in diet. Overall, the parasite 
community in Spotted Bass from the Wabash River exhibited low prevalence, abundance, 
and diversity resembling the characteristics of an isolationist community. 
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INTRODUCTION 
Black bass, Micropterus spp., are some of the most sought after and economically 
important sport fish in the United States. According to U.S .  Fish and Wildlife (20 1 1), 
27 . 1  million anglers fished freshwater systems excluding the great lakes . Of those 27.1 
million anglers , 1 0.6 million targeted one of the many species of black bass in the United 
States .  Jn 2006, approximately 4.5  million black bass anglers targeted rivers or streams 
(USBOC and USFWS 2008) . 
Three species of black bass, Largemouth Bass  (Micropterus salmoides), 
Smallmouth Bass (Micropterus dolomieu), and Spotted Bass (Micropterus punctulatus) 
are found throughout Illinois in a variety of different lentic and lotic systems . Populations 
of Largemouth Bass are common in all areas of the state, while Smallmouth Bass are 
primarily seen inhabiting the cooler waters of the north and Spotted Bass are found in the 
lotic systems of the south (Smith 2002). Throughout the state , there are a limited number 
of aquatic systems, such as the Wabash River, which contain small populations of all 
three species . 
Each species of black bass requires different habitat characteristics in lotic 
systems . Smallmouth Bass are typically found in areas of a river with rock or gravel 
substrate with moderate levels of current (Reynolds 1 965 ,  Coble 1 975) .  Largemouth 
Bass prefer warmer waters with little to no flow and typically higher turbidity (Etnier and 
Starnes 1 993, Wheeler and Allen 2003) .  Spotted Bass are found within habitats which 
exhibit intermediate characteristics of the other two species (Jenkins 1 975 ,  Vogele 1 975) . 
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In most Midwestern rivers and reservoirs, black bass are the top predatory 
species. The diets of Largemouth Bass and Spotted Bass primarily consist of 
zooplankton, aquatic insects, fish, and crayfish (Smith and Page 1969, Pope et al . 2005,  
Sammons 20 1 2) .  Bass fry target zooplankton as their primary prey, then as they develop 
from larval stages into juveniles, aquatic insects make up a larger percentage of their diet 
(Hodson and Strawn 1 969) .  Applegate et al. ( 1 967) found largemouth bass began to prey 
on fish once they reached 5 1  mm in length and were completely piscivorous once they 
reached 102 mm. Likewise, in a lentic system, Spotted Bass were seen to switch to a diet 
consisting of primarily fish around 5 1  mm to 101 mm and were completely piscivorous 
once they reached 160 mm to 370 mm (Dendy 1 945 ,  Applegate et al. 1967) However, in 
lotic systems, Spotted Bass may remain mainly insectivores for most of their life history 
(Ryan et al. 1970,  Scott and Angermeier 1 998). Following this trend, Smith and Page 
(1969) found Spotted Bass in the Wabash River to primarily prey on aquatic insects 
throughout their entire life history and to be less dependent on fish for nourishment. 
Centrarchids, including Spotted Bass, are infected with a wide range of parasites .  
Parasite assemblages can be affected by a number of  factors such as  flow and temperature 
(Bangham 1933 ,  Bangham 1 939 ,  Holmes and Price 1 986, Fiorillo and Font 1 996, . 
Hoffman 1999) .  Parasite life cycles can be either direct or indirect. In a direct life cycle, 
. which only requires one host, an infective larval stage directly infects the definitive host 
where it matures to an adult. An indirect life cycle is more complex; the parasite is 
transmitted to the definitive host through a series of intermediate hosts . Transmission 
may be by direct contact or via diet. For example , parasitic copepods such as Ergasilus 
spp . and Achtheres spp . exhibit a direct life cycle and complete their life cycle after 
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attaching to centrarchid fishes (Ward 1 9 1 2, Cloutman and Becker 1 977). Digenetic 
trematodes such as Uvulifer ambloplitis, Posthodiplostomum minimum, and Clinostomum 
complanatum have an indirect life cycle that use fish as intermediate hosts and pisivorus 
birds as definitive hosts (Taber 1972, Lane and Morris 2000). 
Due to the differences in habitat use and diet of Spotted Bass in lotic systems 
compared to lentic systems one would 'expect to see different parasite assemblages .  
Parasites which infect Spotted Bass by means of free swimming cercaria (P. minimum 
and C. complanatum) should not be influenced by diet, but should be influenced by flow 
rates .  Conversely, parasites which utilize Spotted Bass as definitive hosts and require the 
consumption of a specific intermediate host should be influenced by host size, diet, and 
distribution of intermediate hosts and not by flow. Therefore, the dependence on aquatic 
insects throughout all stages of their life could contribute to significantly different 
helminth compositions of Spotted Bass from the Wabash River, as compared to previous 
studies .  
My thesis research assesses the population demographics and parasite 
composition of a naturally reproducing population of Spotted Bass at the northern edge of 
their range in the lower Wabash River. Extensive studies have been done on Spotted 
Bass throughout the south but little information is known regarding the population 
dynamics or the parasite burdens along their northern boundary in the Wabash River 
(Baugham 1 933, Olmsted and Kilambi 1 978, Dicenzo et al . 1 995, Tilma et al. 1 998 ,  
Stewig and De Vries 2004, Pope et  al . 2005, Johnson et  al . 2009, Sammons 20 1 2). Fish 
will be collected following two different sampling designs . The Long Term 
Electrofishing Program monitors the Spotted Bass population using a stratified random 
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design, whereas the Illinois Department of Natural Resources uses a fixed sampling 
design. Spotted Bass captures from each sampling design will be compared to assess 
differences in abundance and size structure of this population. Because helminths use a 
variety of transmission strategies I predict that helminth assemblages in Spotted Bass 
should reflect dietary shifts over fish life histories, and may serve as indicators of fish 
movement patterns. To test this, a subsample of Spotted Bass collected from the Long 
Term Electrofishing Program will be necropsied and examined for helminth infections. 
Documented helminth burdens will be correlated with host length to determine length 
specific differences in the helminth assembladge composition. This study will provide 
essential information on the population characteristics and helminth composition of 
Spotted Bass in the lower Wabash River, which will be valuable in the management of 
this population as a sustainable resource. 
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FIXED VERSUS RANDOM SAMPLING IN A LOW DENSITY 
POPULATION OF SPOTTED BASS (WCROPTERUS PUNCTULATUS) 
ABSTRACT 
Characterizing the structure of riverine fish populations that are patchily 
distributed and at low densities is often difficult. Currently, the lower Wabash River is 
monitored using different sampling regimes - the Long Term Electrofishing Program 
monitors community assemblages using stratified random sampling, whereas the Illinois 
Department of Natural Resources uses a fixed sampling design. Due to the wide 
distribution but low abundance of Spotted Bass Micropterus punctulatus throughout this 
drainage, captures from each sampling design were compared to assess differences in 
abundance and size structure. We collected a total of 2, 7 5 1 Spotted Bass from 20 1 0 to 
20 1 5 across both sampling schemes. Mean CPUE was significantly higher for fixed site 
sampling compared to random sites over the six-year sampling period. Although the 
length frequency histograms differed significantly, the size structures of Spotted Bass 
sampled by each design were similar. These results suggest random sampling designs can 
be used when monitoring low density populations of fishes in large riverine systems 
because this method provides the greatest spatial coverage of habitats, evaluates 
heterogeneity in distribution, and provides a representative measure of abundance 
throughout an entire aquatic system. Fixed sampling may be appropriate, as long as 
associated biases are acknowledged. 
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INTRODUCTION 
Throughout the Midwest, large riverine systems contain some of the most diverse 
assemblages of fishes . Fish communities within the Illinois and Mississippi Rivers each 
have more than 1 00 species of fish (Baker ct al ., 1 99 1 ;  Pegg and McClelland, 2004; 
Chick et al. ,  2006) . These fisheries provide numerous recreational and commercial 
opportunities to anglers . For example, the Upper Mississippi River ecosystem provides 
more than 15 ,000 jobs and contributes more than $1 billion to local economies (Carlson 
et al. , 1 995; Sparks et al. , 1 998) .  Recently, increased harvest and environmental 
disturbances in these systems have warranted an increase in management efforts by many 
federal, state, and private agencies (Sparks et al . 1 990; Slipke et al . 2002). Unfortunately, 
due to limitations with time and funding, sampling designs are often not consistent 
among agencies . In general, fish monitoring projects either use a fixed site sampling 
design or a random sampling design. Assessing the comparability of these two 
approaches is critical to evaluating fish stocks and sharing information among agencies. 
The Long Term Electrofishing Program (LTEF) within the Illinois , Mississippi, 
Ohio, and Wabash Rivers is one of the few continuous projects that assesses fish 
community responses to environmental conditions within large riverine systems on a 
basin wide scale. This program originated in 1 957 by Dr. William Starrett as an 
alternating current (AC) electrofishing proj ect that sampled fixed sites in six reaches of 
the Illinois River (Sparks and Starrett 1 975). From 1 957 to 2008, the LTEF project 
sampled the fisheries community in the Illinois River following a fixed design with AC 
electrofishing. Beginning in 2009, the LTEF project expanded monitoring efforts to 
include portions of the Mississippi River, Ohio River, and Wabash River and increased 
the number of sites on the Illinois River (DeBoer et al . 20 1 4). The expanded monitoring 
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follows the pulsed- direct current (DC) electrofishing protocol at random sites used by 
the Long Term Resource Monitoring Program (LTRMP) on the Upper Mississippi River, 
while the AC component of the program maintains consistency with the initial protocol 
(Sparks and Starrett 1975;  Ratcliff et al . 2014). The LTEF program has been essential in 
documenting trends in fish populations over time and making management 
recommendations, but there is a limited amount of research regarding how population 
demographics derived from the LTEF sampling compare to other agencies . 
The Wabash River originates in northeast Ohio, flows across the state of Indiana, 
and creates the eastern boundary of Illinois before it flows into the Ohio River (Figure 
l.lA) . The lower 764 km of the Wabash River is unimpounded making it the longest free 
flowing river east of the Mississ ippi River. Over the years, this system has undergone a 
limited number of human modifications making it one of the largest lotic systems still 
ecologically intact in the state of Illinois (Gammon 1998). The Wabash River is 
characterized by variable depths with distinct pools, riffles, and runs . The fish community 
within the Wabash River is dominated by the families Cyprinidae and Catostomidae with 
the sport fishery primarily composed of species from the families Acipenseridae, 
Catostomidae, Centrarchidae, Ictularidae, and Sciaenidae (Gammon 1998; Pyron and 
Lauer 2004). 
The lower Wabash River (LWR) is currently monitored using two different 
sampling designs. The Illinois Department of Natural Resources (IDNR) samples the fish 
community following a fixed sampling design, whereas Eastern Illinois University uses a 
stratified random sampling design following the protocol of the L TEF program. Most of 
the research conducted within the L WR has focused on the management and 
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sustainability of Cnannel Catfish and Shovelnose Sturgeon populations (Colombo et al. 
2008,  Willenberg et al. 20 1 0; Nepal et al. 2015) .  In contrast, little is known regarding the 
low densities of Micropterus spp. occurring throughout this drainage. Of the three black 
bass species common to the L WR, the Spotted Bass Micropterus punctulatus is the most 
abundant, where it is widely distributed but specific to particular habitats (Smith 2002), 
resulting in a patchy distribution across the system. Catch rates from 1 968 to 1 993 in the 
middle portion of the Wabash River were less than 0 .7  fish per km with individuals 
seldom reaching 300 mm (Gammon 1998) .  Due to the limited abundance and irregular 
distribution of Spotted Bass throughout the L WR, the two sampling designs could 
provide significantly different population demographics from which to base management 
recommendations. 
In this paper, I assess population characteristics of the Spotted Bass population in 
the L WR using two different sampling designs. Specifically, I assess differences in 
population characteristics between the two sampling designs by comparing 1 )  relative 
abundance and 2) size structure of each design. 
1 2  
METHODS 
Sampling 
Spotted Bass were sampled annually from 20 1 0  to 20 1 5  throughout the L WR 
following two different electrofishing sampling designs .  Both the IDNR and LTEF 
sampled Spotted Bass using pulsed DC boat electro fishing (output: 60 Hz, 25% duty 
cycle) on main channel border habitats . Power output was based on a power goal of 3kW 
which was derived from the water conductivity and water temperature at each site 
(Ratcliff et al. 20 14). Each IDNR site was sampled for a total of 60 minutes with two 
dippers, while each LTEF site was sampled for 1 5  minutes with two dippers . All captured 
Spotted Bass were measured to nearest mm total length (TL) and weighed to the nearest 
g. 
The IDNR sampled Spotted Bass following a fixed sampling design with 1 1  sites 
approximately 1 8  miles apart spanning the L WR, for an annual effort of 1 1  h (Figure 
1 . 1  B). S ite locations were determined by the best suitable habitat accessible within the 
given area. Available fish habitat within each site was dominated by brush, logs, and 
stumps with a limited number of sites containing rip rap, gravel, revetment, and pile 
dikes. Sampling was dependent on water level but always occurred within the months of 
August and September. 
LTEF sampled Spotted Bass following a stratified random sampling design with 
five sampling reaches and three sampling periods (Figure 1 .1 C). Time period I occurs 
from June 1 5  - July 3 1 ,  time period II occurs from August 1 - September 1 5 ,  and time 
period III occurs from September 1 6  - October 3 1 .  A total of 66 sites were sampled on an 
annual basis from 2010 - 2012 for an annual effort of 16 .5 h. Beginning in 20 13, 102 
s ites were sampled annually for an effort of 25 .5 h per year. An equal number of sites 
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were sampled in each reach during each of the three time periods . All s ite locations were 
generated randomly using geographic information systems (DeBoer et al. 20 1 4) .  Habitat 
characteristics of some LTEF sites were similar to IDNR sites , but due to the random 
assignment of site locations many LTEF sites were of poor quality for Spotted Bass (mud 
flats , sand bars, sites barren of coarse woody habitat) . 
Data analysis 
All statistical analyses were performed using the statistical program R 3 . 1 .2 for 
Windows (R Core Team, 20 1 4) .  Relative abundance was quantified as catch per unit 
effort (CPUE, fish/h) for each sampling des ign. Log10 + 1 transformed relative abundance 
was analyzed using an ANOV A with sampling design and year as factors followed with 
Tukey's Post Hoc tests. The association between sampling designs for each sampling 
year was quantified using a Pearson product - moment correlation. 
The size structure of the Spotted Bass population was compared between 
sampling designs using length frequency histograms followed by a Kolmogorov-
Smirnov test . I calculated the proportional size distribution (PSD = 
number of fish �280 mm lOO) d 1 · · d" "b · fi fi d 1 h fi h ----"--'-- --- * , an re at1ve size istr1 ut10n or pre erre engt is number of fish �180 mm 
(PSD-P 
=number of fish �350 mm* 100; Neumann et al. 2012). PSD and PSD-P values number of fish �180mm 
were analyzed using a chi-squared test to determine if values differed between sampling 
designs .  To compare patterns within each size structure, proportion of individuals within 
each Gabelhouse ( 1 984) length category (Below Stock< 1 80 mm (BS),  Stock 180 - 279 
mm (S) ,  Quality 280 - 349 mm (Q) , Preferred > 350  mm (P)) were calculated and 
analyzed using a chi squared test to determine if proportions differed between sampling 
designs . 
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RESULTS 
A total of 2,75 1 Spotted Bass was collected from the LWR between 2010 and 
2015 from IDNR and LTEF. Total sampling effort was 1 92h with 66h conducted at 
IDNR fixed sites and the remaining 126h conducted at LIEF random sites .  Despite being 
only 34% of the sampling effort, IDNR fixed sampling contributed 54.6% of all captures. 
Mean CPUE was significantly different between sampling designs and across years 
(ANOVA Sampling design - F1, 563 = 54.92 P < 0 .00 1 ;  Year - F5, 563 = 14 .6 1 ;  P < 0 .00 1 ). 
Mean CPUE was significantly higher for fixed sites (22.74 fish/h) compared to random 
sites (9 .93 fish/h) over the six year sampling period. Approximately 4 1  % of random sites 
sampled had no spotted bass captures while only 2% of fixed sites (one sample) lacked 
this species. Mean CPUE was higher in both sampling protocols from 20 1 0  - 2013 
compared to 20 14  and 20 1 5  (Figure 1 .2). In 2014 and 20 1 5 ,  approximately 50% of the 
random sites sampled contained no Spotted Bass ,  being driven by unfavorable sampling 
conditions in time period I. Similar temporal trends in Spotted Bass density were found 
between sampling designs. A strong, positive correlation (r = 0 . 89) between annual mean 
CPUE for fixed sites with annual mean CPUE for random sites suggest that over the six 
year sampling period both sampling designs documented similar patterns in Spotted Bass 
abundance in the LWR (Figure 1.3, r = 0.89 P = 0.017). 
The size ranges of Spotted Bass collected from fixed ( 52 to 395 mm TL; mean 
1 60.4,  SE 1 .90 mm TL), were nearly identical to random sites ( 30 to 4 1 0  mm; mean 
158 .7, SE 2. 1 8  mm TL) . Overall, length frequency histograms of Spotted Bass for each 
sampling design were significantly different (Kolmogorov -Smimov df =1 P = 0.04). The 
random sampling design was the only method to sample Spotted Bass less than 50 mm 
and individuals greater than 400 mm. Spotted Bass within the range of 1 00 - 1 3 0  mm 
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comprised 36% of the total catch at fixed sites, while only representing 27% of the total 
catch at random sites .  Both length frequency histograms were positively skewed with 
approximately 90% of the total catch being< 280 mm TL (Figure 1 .4) . Similarly, PSD 
and PSD - P values were not significantly different between sampling designs (PSD -x.2 
= 1 .47 P = 0 .22, PSD-P-x.2 = 0 . 33  P = 0 .56). Proportions of individuals within each 
Gabelhouse length category (BS, S, Q, P) were almost identical between sampling 
designs with no significant difference occurring between any of the comparisons (X2 = 
0 .58  df= 3 P = 0 .90 ,  Table 1 . 1 ) . 
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DISCUSSION 
Fish sampling designs can be classified simply as either probabilistic (random) or 
non -probabilistic (fixed; McClelland and Sass 20 1 2) .  Due to the ability to equivalently 
sample all available habitats, random sampling is typically considered the most robust 
sampling design when sampling aquatic ecosystems (Brown et al. 2012) .  Even though 
fixed sampling does not hold the statistical power of a random design, this design can be 
beneficial when targeting a single species, specific habitats increase captures ,  or when 
sampling resources are limited (McClelland and Sass 20 14) .  Though this debate has been 
well studied in recent years, the results are not clear. Quist et al. (2006), McClelland and 
Sass (20 1 2), and Patterson (20 14) found that fixed sites have significantly higher 
abundances than random sites, while other studies have reported no difference between 
sampling designs (King et al. 1 98 1 ;  Bonvechio et al . 2008) .  However, evaluation of 
sampling designs of individual species have largely been limited to Largemouth Bass 
populations in Florida and Oklahoma reservoirs where abundances are high and 
conditions are stable (Bonvechio et al. 2008 ;  Patterson 20 14) .  To our knowledge, 
sampling design comparisons of a single species with heterogeneously distributed low 
abundance in a large riverine system have yet to be evaluated. 
Sampling design had a significant effect on the relative abundance of Spotted 
Bass in the L WR. Mean CPUE of Spotted Bass was significantly higher for fixed sites 
than random sites across  our six year study period, which is consistent with other studies 
comparing riverine fish abundances between different sampling designs (Quist et al . 
2006 ; McClelland and Sass 20 1 2) .  Higher Spotted Bass abundance at fixed sites is likely 
due to the subjective selection of higher quality habitat for fixed sites and extended 
sampling time at each fixed site (McClelland and Sass 20 12) .  The number of random 
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sites with a CPUE of 0 suggest that Spotted Bass are particular to specific habitats 
throughout the L WR and are therefore patchily distributed (Smith 2002), a population 
feature that the fixed sampling did not capture. However, the strong, positive correlation 
in the total annual catches of the two sampling designs suggests both designs were able to 
document the same temporal patterns in Spotted Bass abundance. While Spotted Bass 
abundance at fixed sites was likely overestimated, the decrease in abundance observed in 
both sampling designs in recent years was consistent and likely related to flow 
conditions . Significantly lower mean abundance during 20 1 4  and 20 1 5  was likely due to 
high water affecting sampling throughout the sampling season of June to October. In time 
period 1 (June 1 5  - July 3 1 ) of the 20 1 5  LTEF sampling program, all sampling days were 
above action stage ( 1  l ft) with 39  of those days in flood stage (> 1 9ft; USGS 20 1 5) .  
Even though length frequency histograms for the s ix year sampling period were 
significantly different between sampling designs, size structure, mean total length, 
proportional size distributions, and proportion of total captures in each of the Gabelhouse 
( 1 9 84) length categories were almost identical between sampling designs .  Patterson 
(20 1 4) found similar patterns when sampling Largemouth Bass in Oklahoma reservoirs 
following fixed and random sampling designs. While he found significant change in 
length frequency histograms, overall. size structures were similar between sampling 
designs (Patterson 20 1 4) .  In our survey, the random sampling design was the only 
method that was able to sample Spotted Bass less than 50mm and individuals greater than 
400mm, but these differences are likely due to time of sampling and the total annual 
effort by each design. Overall ,  the two sampling designs generated the same size 
structure throughout the L WR. 
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Based on this study, we recommend the use of random sampling designs when 
monitoring low density populations of sport fishes in large riverine systems because this 
method provides the greatest spatial coverage of habitats, and provides a representative 
measure of abundance throughout an entire aquatic system rather than specific locations. 
In addition, the random sampling design allows for sampling of other fish species that 
might not be found in the fixed sites, and is more easily comparable to other systems 
monitored by random sampling. The fixed sampling design overestimated the relative 
abundance of Spotted Bass throughout the L WR due to the subjective selection of higher 
quality habitat and extended sampling time within these sites. Fixed sampling did not 
capture the heterogeneity of the population in the LWR due to the subjective selection of 
sites, which could present challenges when monitoring changes in population stability 
and changes in range. Overall, the size structure sampled by each sampling design was 
the same. Even though specific length classes were absent from fixed site collections, 
these differences are likely due to time of sampling and total annual effort of each design. 
If random sampling is not possible due to limitations with time and funding, fixed 
sampling may be appropriate. However, biases associated with this sampling design must 
be acknowledged to ensure a representative sample of the target population. Finally, 
habitat specific sampling may be necessary to monitor rare species or those confined to 
highly specific habitats. 
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Table 1 . 1 .  Proportion of total captures within each of the four Gabelhouse length 
categories for each sampling design for Spotted Bass in the lower Wabash River between 
20 1 0  and 20 1 5 .  
Below Stock Stock Quality Preferred 
Sampling Design 0 - 17 cm 18 - 27 cm 28 - 34 cm > 3 5 cm 
Random - LTEF 65 25 8 2 
Fixed - IDNR 64 28  7 
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Figure 1 . 1 .  (A) Map of the entire Wabash River with the Illinois portion emphasized. (B) 
Map of the 1 1  Illinois Department of Natural Resources fixed stations throughout the 
lower Wabash River. (C) Map of the five sampling reaches for the Long Term Fish 
Population Monitoring Project on the lower Wabash River. 
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Figure 1 .4 .  Length frequency histograms of Spotted Bass captured in the lower Wabash 
River between 20 1 0  and 20 1 5  for each sampling design. Sample size (N) , mean total 
length (TL) , and proportional size distribution indices (PSD) for each sampling design 
were included as well .  
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PARASITE COMPOSITION IN SPOTTED BASS FROM THE LOWER 
WABASH RIVER 
ABSTRACT 
While parasite surveys of fish are often conducted, the factors that influence 
parasite assemblages are often complex and dynamic processes. In this study, I 
document parasite assemblages in Spotted Bass from the northern boundary of their range 
to determine the characteristics of the parasite community and the factors driving these 
burdens .  A total of 1 26 Spotted Bass Micropterus punctulatus was collected from the 
Illinois portion of the Wabash River and necropsied for parasites. Eleven parasite taxa ( 1  
Acanthocephala, 4 Trematoda, 1 Cestoda, 1 Crustacea, 4 Nematoda) were recovered. All 
parasites recovered from the Spotted Bass had been previously reported and are common 
within many species of Centrarchidae . With the exception of white grub 
Posthdiplostomum minimum centrarchi which was found in 79% of the Spotted Bass 
necropsied, prevalence of all other parasites was less than < 22%. Host length was 
positively associated with total parasite abundance, number of parasite species present, 
and parasite prevalence. Differences in parasite assemblages between size classes of 
Spotted Bass are likely due to differences in exposure and/or ontogenetic changes in diet. 
Overall, the helminth community in Spotted Bass from the Wabash River exhibited low 
prevalence, abundance, and diversity resembling the characteristics of an isolationist 
community. 
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INTRODUCTION 
Helminth community assemblages in freshwater fishes have proven reflect 
complex and dynamic processes that are influenced by a magnitude of abiotic and biotic 
factors . Holmes and Price ( 1 986) described helminth communities as either isolationist or 
interactive . An isolationist community is defined as a community composed of species 
with low colonizing abilities, small infrapopulations, and low interspecific interactions so 
that community composition is the result of stochastic colonization processes . In 
contrast, an interactive community is composed of individuals with high colonizing 
abilities, large infrapopulations, and high competition among species, generating 
communities structured by parasite-parasite interactions (Holmes and Price 1 986) .  Due to 
the complexity and variability among helminth communities, studies have often 
documented communities that do not strictly match either extreme of this classification 
scheme (Goater et al. 1 987 ;  Stock and Holmes 1 987 ;  Stock and Holmes 1 988) .  
Kennedy et  al. ( 1 9 86) investigated broad-scale differences between the helminth 
communities of fish and birds and concluded that helminth communities in fish were 
comprised of fewer taxa and lower abundances than communities found in avian hosts . 
They proposed these differences are likely due to the simplicity of the alimentary canal, 
ectothermic nature, and selectivity of host diet in fishes (Kennedy et al. 1 986) .  Although 
physiological and anatomical properties of fishes account for some of the simplicity in 
helminth communities, host and diet characteristics are useful determinants in the 
composition of helminth communities within fish as well. 
Characteristics of host demography have also been associated with the structure 
of helminth communities in fish. In most cases, fishes display indeterminate growth so 
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host length and age are inter-dependent variables (Devries and Frie 1 996) but both fish 
length and age can influence parasite communities in fish. For example, Cloutman ( 1 975) 
and Fiorillo and Font ( 1 999) documented more diverse parasite communities in larger 
centrarchid hosts compared to smaller individuals .  A positive relationship between 
parasite diversity and length/age may simply be explained by increased exposure time in 
the system. Specific differences in parasite composition between size classes may also 
reflect shifts in diet, habitat use, or behavior that can mediate parasite exposure (Aho 
1 990; Kennedy 1 990; Fiorillo and Font 1 996) . Ontogenetic diet and habitat shifts are 
common characteristics of many freshwater fishes, which can lead to significantly 
different helminth communities (Kennedy 1 990; Garvey and Chipps 20 1 2) .  Dietary and 
habitat shifts can result from changes in the seasonal abundance of prey, changes in gape 
limitation, and life history characteristics such as spawning that alter habitat use (Aho 
1 990; Pfliger 1 997) .  Although extensive research has focused on the determination of 
factors driving helminth parasite structure and composition in freshwater fish in lentic 
systems, few studies have investigated the effects of these determinants on parasite 
communities in permanently flowing systems (Barger and Esch 200 1 ) .  
The Wabash River originates  in Ohio, flows west across the state o f  Indiana, 
creating the eastern boundary of Illinois, before flowing into the Ohio River. The Wabash 
River is the twelfth largest river in the United States based on mean discharge at the 
confluence and is one of largest free flowing, ecologically intact lotic systems within the 
Midwest (Gammon, 1 998) .  Although fish communities in the Wabash River are similar 
to other Midwestern rivers, species specific differences exist in the family Centrarchidae. 
Spotted Bass Micropterns punctulatus are an important sport fish primarily found in 
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streams and reservoirs of the Southeast (Tilma et al . 1 998) .  In Illinois, Spotted Bass are 
isolated to the Wabash and Ohio River drainages where they are on the northern 
boundary of their range. Historic catch rates from the Wabash River have shown this 
population to exhibit low abundance, slow growth, and have a patchy distribution 
(Gammon 1 998) .  Smith and Page (1 969) found that the primary prey item in the diet of 
Spotted Bass of all sizes in the Wabash River was aquatic insects . The dependence on 
aquatic insects throughout their entire life history, as opposed to switching to piscivory, 
could influence parasite assemblages within this population if it changes exposure rates 
through intermediate hosts in the diet. 
In this study, we document the parasite community within Spotted Bass from the 
lower Wabash River and asses the relationship of host length and age on parasite 
prevalence, and parasite species richness . 
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METHODS 
Field Collections 
Spotted Bass were collected during 20 1 4  and 20 1 5 ,  from May through October, in 
the lower Wabash River (Figure 2 . 1 ) . Fish were collected using pulsed DC boat 
electrofishing (output: 60 Hz, 25% duty cycle) following the protocol of the Long Term 
Fish Population Monitoring Program (Sparks and Starrett 1 975 ;  Ratcliff et al. 20 14) .  
Spotted Bass were collected from main channel border habitats from a variety of 
microhabitats including coarse woody habitat, rip - rap, sand bars, revetment, flooded 
terrestrial habitat, and tributary mouths. Fish were identified using morphological 
characteristics established by Pflieger ( 1 997), measured to the nearest mm total length, 
and weighed to the nearest gram. Approximately two fish per centimeter increment were 
frozen and brought back to the lab for necropsy and age estimation. 
Necropsy and identification 
Whole body necropsies were performed on 1 26 Spotted Bass from the lower 
Wabash River. Samples were allowed to thaw for 1 2h before dissection. During 
dissection, host sex was determined by examination of gonads. Often gonads in Spotted 
Bass less than 1 00 mm were not fully developed, so sex was classified as unknown. Both 
sagittal otoliths were removed from the neurocranium, placed in 1 .5mL microcentrifuge 
tubes and allowed to dry for further processing. 
External surfaces were examined for helminths using a dissection microscope. 
Internally, the eyes, gills , muscle, stomach, pyloric caeca, intestines , visceral organs, 
mesentery, and reproductive tracts were examined. The stomach, pyloric caeca, and 
intestines were opened longitudinally and all contents were washed into a dissection dish. 
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Mucosal surfaces of the gastrointestinal tract were examined for attached helminths, and 
sedimentations were performed on the gastrointestinal tract contents to collect any 
helminths from the lumen. Visceral organs (heart, kidney, liver, and spleen) along with a 
cluster of tissue along the neurocranium and first two vertebrae were removed from the 
body cavity, compressed between two slides ,  and examined for encysted helminths . 
Tissues greater than 0 . 1 5g were sectioned into multiple pieces to ensure visibility through 
the tissue. Finally, the skin was removed and muscle tissue was examined. 
Platyhelminths were fixed in AF A (70% ethanol, 1 0% formalin, 5% glacial acetic 
acid), stained in acetocarmine, dehydrated in a graded alcohol series, cleared using 
limonene and mounted on glass slides in permount (Ash and Orihel, 1 987) .  Nematodes 
were fixed and cleared in glycerin alcohol (70% ETOH and 5% glycerin) before 
mounting in glycerin j elly (Ash and Orihel, 1 987) .  Specimens were identified to the 
lowest taxonomic level possible using available keys (Petrochenko, 1 97 1 ;  Schell, 1 985 ;  
Hoffman, 1 999) .  
Aging 
Sagittal otoliths were allowed to dry for at least 3 weeks then embedded in epoxy. 
Multiple 500µm transverse sections were cut from each otolith using a Buehler Isomet® 
low speed saw (Buehler Limited, Lake Bluff, IL, Jenke 2002). Cross sections were placed 
in immersion oil on a contrast background and viewed using a stereomicroscope (Leica 
Microsystems Inc. ,  Buffalo Grove, IL) . In a blind fashion, two independent readers 
estimated the age of each fish by counting annuli on each section of the otolith. Readers 
resolved discrepancies with a consensus age. 
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Condition 
To estimate the condition of Spotted Bass, mean relative weight (Wr) was 
calculated for all necropsied fish above a 1 0 0  mm minimum length requirement. Relative 
weight was calculated using Wr = (W/Ws) * 1 00, where W is the actual weight, and Ws is 
length specific weight for Spotted Bass .  The length specific weight for Spotted Bass  was 
found by using the equation, logl OWs = -5 . 392 + 3 .2 1 5 * logl O(TL) (Neumann et al. 
20 1 2) .  
Data analysis 
Prevalence (percentage of hosts infected with a particular parasite), mean 
intensity (average number of parasites per infected host) , and mean abundance (average 
number of parasites per host including uninfected hosts) were calculated for each parasite 
species (Bush et al 1 997) . Statistical tests were performed using the computer program R 
3 . 1 .2 for Windows (R Core Team, 20 1 4). Total parasite abundance within each host was 
not normally distributed so data was logl 0 + 1 transformed to meet the assumptions of 
normality. The association between total length and age of each host was determined by 
calculating a Pearson product-moment correlation. The relationship of host length with 
total parasite abundance and parasite species richness was described by performing a 
Pearson product-moment correlation. Prevalence of individual parasite taxa was related 
to host length with logistic modeling. To avoid statistical problems associated with low 
prevalence, only species with a prevalence greater than 1 0% were included in this 
analysis .  To assess the fit of each logistic model, a mean prevalence was calculated for 
four broad s ize increments (0 - 1 00 mm, 1 0 1  - 200 mm, 20 1 - 300 mm, 30 1  - 400 :nm) 
and compared to predicted probabilities generated by the logit function in R. 
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RESULTS 
A total of 23 ,402 parasites from 1 1  tax.a were collected from Spotted Bass in the 
lower Wabash River (Table 2 . 1 ) . These included, one species of acanthocephalan, four 
species of trematodes, one species of cestode, one species of crustacean, and four species 
of nematodes.  The most prevalent helminth was the juvenile trematode white grub 
(Posthodiplostomum minimum centrarchi) which was found in approximately 79% of 
Spotted Bass necropsied. Four helminths, Neoechinorhynchus cylindratus, Clinostomum 
complanatum, Proteocephalus sp . ,  and Spinitectus sp . ,  were recovered from 14 - 21 % of 
hosts necropsied. Bucephalus sp . ,  Leuceruthrus micropteri, Lernaea sp. ,  Contracaecum 
sp . ,  Camallanus oxycephalus, and an unknown species of Nematoda were relatively rare 
at < 5% prevalence. Representative voucher specimens were deposited in the Harold W .  
Manter Laboratory of Parasitology (HWML), University of  Nebraska-Lincoln, Lincoln, 
NE. 
Size structure of necropsied Spotted Bass from the lower Wabash River ranged in 
size from 34 - 3 99 mm (Figure 2.2A) . Age structure of Spotted Bass necropsied ranged 
from 0 - 7 years with 82% of samples being less than age 3 .  A strong, positive 
correlation between total length and age implies that both host attributes are assessing 
similar aspects of development (Figure 2 .2B,  p < 0 .00 1 , r = 0 .90) . 
Approximately 80% of the Spotted Bass necropsied were infected with at least 
one species of helminth. Of the 25 individuals which were not infected, 68% were less 
than 1 00 mm. Total length was positively correlated with total parasite burdens (Figure 
2 .3A, p < 0 .00 1 ,  r = 0 .83 ) .  On average, Spotted Bass  less than 1 00 mm were infected 
with 1 .3 2  parasites per host, whereas fish greater than 300 mm were infected with more 
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than 1 000 parasites .  A strong positive correlation was also documented between fish total 
length and parasite species richness (Figure 2 .3B,  p < 0 .0 1 ,  r = 0.72).  Spotted Bass 
ranging in size from 0 - 1 00 mm were infected with 0 .23 species, while fish greater than 
3 00 mm averaged 4. 1 species. Mean relative weight for each 1 00 mm size class was 
greater than 1 00, indicating that fish were in good condition despite being infected with 
multiple species of parasites and often in high numbers . 
Due to low prevalence, six taxa were excluded from logistic modeling. Total 
length was positively related to the prevalence of Neoechinorhynchus cylindratus, 
Clinostomum complanatum, Posthodiplostomum minimum centrarchi, Proteocephalus 
sp. , and Spinitectus sp. (Table 2 .2) .  Predicted probabilities generated from logit function 
in R were similar to the mean calculated prevalences for each 1 00 mm size class (Figure 
2 .4A - 2 .4E) . The largest differences were observed in the 3 0 1  - 400 mm size class with 
a slight underestimation of prevalence for Spinitectus sp. and Neoechinorhynchus 
cylindratus and an overestimation of prevalence for Proteocephalus sp. Mean prevalence 
of P. m. centrarchi exponentially increased until reaching 1 00% prevalence in Spotted 
Bass greater than 200mm. P. m. centrarchi was the only helminth which displayed a 
horizontal asymptote across the range of Spotted Bass necropsied. All other taxa 
displayed an exponential increase across the four size classes with prevalence never 
reaching the maximum in Spotted Bass in this study. 
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DISCUSSION 
All 1 1  parasite taxa documented in Spotted Bass in the Wabash River have been 
previously reported from Spotted Bass examined in other studies (Bangham 1 93 3 ,  
Hoffman 1 999) . Of the 1 0  parasite taxa identified t o  genus, all have been documented in 
other freshwater centrarchids (Bangham 1 93 3 ,  Hoffman 1 999) .  With the exception of P. 
m. centrarchi, helminths exhibited low prevalence ( < 25%) and low abundance. Even 
though Spotted Bass  were infected with multiple helminth species,  condition scores 
indicated that fish were in good condition. 
Total length of Spotted Bass had a significant, positive effect on the number of 
helminths found within each fish, helminth richness, and prevalence of  individual 
helminth taxa. Cloutman ( 1 975),  Fiorillo and Font ( 1 996), and Fiorillo and Font ( 1 999) 
found similar trends in helminth infracommunities of other freshwater centrarchids . 
These patterns may simply be due to increased exposure resulting from more time in the 
system, but may also be related by fish diet. 
Smith and Page ( 1 969) concluded that Spotted Bass in the Wabash River were 
primarily insectivores,  and began consuming fish at a much larger size compared to fish 
in a lentic environment. Their findings suggested that the primary prey across all sizes of 
Spotted Bass were aquatic insects ,  while plankton was only utilized by fish less than 
75mm and fish and crayfish were only maj or components in the diet of larger fish ( 1 5 3 -
320 mm; Smith and Page 1 969) .  The changes in helminth prevalence with size of Spotted 
Bass reflect the documented diets for this river system. 
Spinitectus sp . was the most common helminth recovered with a diet related 
transmission strategy. Jilek and Crites ( 1 982) docwnented that the first intermediate host 
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in the life cycle of Spinitectus carolini was one of many aquatic insects including 
mayflies, dragonflies, stoneflies, and midges .  The exponential increase in the prevalence 
of Spinitectus sp . with total length provides support that Spotted Bass in the Wabash 
River are insectivores (Smith and Page 1 969) .  The increase in prevalence is therefore 
likely the result of increased exposure due to continued feeding on aquatic insects and the 
consumption of larger quantities of intermediate hosts to meet metabolic demands as fish 
grow . .  
Neoechinorhynchus cylindratus an d  Proteocephalus sp . occurred at low 
prevalence (< 1 8%) but were found in Spotted Bass less than 1 50 mm. 
Neoechinorhynchus cylindratus is a common helminth in many freshwater fishes with 
transmission occurring through the ingestion of infected ostracods or small fishes as 
second intermediate hosts (Ward 1 940; Hoffman 1 999) .  The life cycle of Proteocephalus 
ambloplitis, the bass  tapeworm, has been described as a three host life cycle (Fischer and 
Freeman 1 969) . The first intermediate host is a cyclops or amphipod, the second 
intermediate host is a centrarchid or percid fish where a plerocercoid larva is  present in 
the body cavity, and the definitive host is typically an adult bass where the adult cestode 
is found in the gut (Hunter III 1 928 ;  Fischer and Freeman 1 969).  The documentation of 
N. cylindratus in Spotted Bass less than 1 50mm as well as fish greater than 300 mm 
could suggest that Spotted Bass in the Wabash River are infected by the consumption of 
plankton at a young age, as well as by ingestion of fish at a much larger size . However, 
the absence of mature proteocephalid cestodes in the gut of Spotted Bass,  as well as an 
overestimation of the prevalence of Proteocephalus sp . for Spotted Bass greater than 
3 00mm, suggests that Spotted Bass in the Wabash River are primarily infected with this 
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helminth when they consume plankton and invertebrates at a young age and are, 
themselves, serving as second intermediate hosts for Proteocephalus ambloplitis. 
The occurrence of C. oxycephalus and Contraceacum sp. at low prevalence and 
only in Spotted Bass >220 mm reflects that Spotted Bass in the Wabash River add fish 
and crayfish to their diet only at larger sizes.  Stromberg and Crites ( 1 974) discovered that 
C. oxycephalus are transmitted through digestion of copepods or small foraging fishes . 
Similarly, Thomas ( 1 9 3 7) documented that black bass are infected with Contraceacum 
spiculigerum by feeding on small fishes .  Fiorillo and Font ( 1 996) documented a negative 
correlation between the intensity of C. oxycephalus and the total length of Longear 
Sunfish, suggesting that fish were infected with more individuals when targeting smaller 
prey items such as copepods . The absence of C. oxycephalus in Spotted Bass less than 
1 OOmm may suggest that plankton is not a primary component in the diet of Spotted Bass 
from the Wabash River. Rather, Spotted Bass are infected with C. oxycephalus and 
Contraceacum sp . when they ingest small foraging fish at a much larger size . 
Helminths utilizing contact transmission strategies exhibited vastly different 
infection parameters from parasites transmitted through diet. The trematodes P. m. 
centrarchi and C. complanatum both infect fish by free swimming larval cercariae 
penetrating through the skin, and had prevalences of 79% and 14% respectively. 
Differences in prevalence of these two helminths are likely associated with differences in 
the identity and distribution of the first intermediate hosts of these parasites .  The first 
intermediate host of P. m. centrarchi is a snail of the family Physidae, whereas the first 
intermediate host of C. complanatum is a snail of the genus Helisoma (Hoffman 1 999) .  
Physid snails are ubiquitous throughout the system, but Helisoma is a large ramshorn 
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species confined to slow water. The early onset exponential increase and saturation of 
prevalence for P. m. centrarchi in Spotted Bass >200 mm, suggests that this helminth is 
common throughout the Wabash drainage and is not specific to a particular size class of 
Spotted Bass or habitat type . In contrast, C. complanatum infections were more common 
in fishes greater than 200 mm and may be associated with specific habitats or life history 
events such as spawning that place them in contact with the snail intermediate. 
Overall,  the parasite community of Spotted Bass in the Wabash River was low in 
diversity and abundance, matching the characteristics of an isolationist parasite 
community (Holmes and Price 1 986) .  The parasite assemblage was driven by host size as 
it was positively correlated with parasite species richness and total parasite abundance. 
The simplicity of the parasite community in Spotted Bass from the Wabash River appears 
to be driven by host diet with the dependence on aquatic insects throughout their entire 
life history influencing the parasite assemblages within this population, while the few 
size based differences maybe the result of increased exposure or the ingestion of other 
prey items such as crayfish and fish. 
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Table 2. 1 .  Prevalence and mean intensity of parasite tax.a recovered from Spotted Bass in 
the lower Wabash River. 
Acanthocephala 
Neoechinorhynchus cylindratus 
Trematoda 
Bucephalus sp . 
Clinostomum complanatum (m) 
Leuceruthrus micropteri 
Posthodiplostomum minimum centrarchi (m) 
Cestoidea 
Proteocephalus sp . (pl) 
Crustacea 
Lernaea sp . 
Nematoda 
Carnal/anus oxycephalus 
Contracaecum sp . (1) 
Spinitectus sp . 
Unknown 
* (m) = metacercaria, (pl) = plerocercoid, 
(1) = larvae 
Micropterus punctulatus 
n =  1 26 
% Prevalence Mean Intensity (SE) 
14  
1 
1 4  
1 
79 
1 7  
1 
5 
3 
2 1  
1 
6 . 6  (3 . 3 )  
23 .0  (0) 
1 2 . 7  (3 . 8) 
1 .0 (0) 
23 1 .3 (46 .6) 
2 .3  (0 . 3 )  
1 .0 (0) 
1 . 6 (0.4) 
1 .25 (0 .3 )  
1 .6 (0 . 3 )  
8 .0  (0) 
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Table 2 . 2 .  The X2, p, and � value for the five helminth taxa with prevalence > 1 0% from 
the logistic modeling of Spotted Bass total length as a factor of helminth prevalence. 
Total Length 
Helminth Species )? p � 
Spinitectus sp . 29.229 < 0 .00 1  1 .0 1 8  
Posthodiplostomum minimum centrarchi 54. 1 84 < 0.00 1 1 . 03 1 
Clinostomum complanatum 3 1 . 847 < 0 .00 1 1 .024 
Neoechinorhynchus cylindratus 25 .483 < 0 .00 1 1 . 020 
Proteocephalussp . 1 6 . 568  < 0 .00 1  1 .0 1 3  
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Figure 2 . 1 .  Map o f  the entire Wabash River with the boundaries of the study site outlined. 
49 
0.07 
Figure 2A 
N =  1 26 -
0.06 
- -
"O 0.05 � 
· c;; -- - -0. 0 ..... 0.04 u � 
:z 
- - - -
c 0 0 .03  ·-e 
- - -- -
0 0. 0 ... 0.02 i:i.. 
- -- -- -
- - - -
0 .0 1 
0 .00 
.... l n n 
Figure 2.2 .  : (A) Length frequency histogram of necropsied S potted Bass from the lower 
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Figure 2 .3 . (A) Relationship of total length with transformed total helrninth abundance 
(log l O  + 1 )  and (B) relationship of total length with helminth richness from Spotted Bass 
in the lower Wabash River. 
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generated from logistic modeling. Data points plotted are the mean prevalence for 
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centrarchi, C: C. complanatum, D: N. cylindratus, E:  Proteocephalus sp . ) .  
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CONCLUSIONS 
Characterizing the structure of riverine fish populations that are widely distributed 
and at low densities is often difficult. Managers must determine the appropriate sampling 
design, which will provide an accurate representation of the targeted population while 
addressing limitations with time and funding . The lower Wabash River contains a 
naturally reproducing population of Spotted Bass on the northern boundary of their range 
(Gammon 1 998 ;  Smith 2002). Currently, this population is monitored by two agencies in 
Illinois following two different sampling protocols .  The demographic data analyzed in 
this study suggests this population is of low density, and primarily composed of small 
and young individuals. Comparison of abundance between sampling designs employed 
on the L WR suggests this population is patchily distributed and is specific to higher 
quality habitats . Even though the fixed sampling design overestimated the abundance of 
Spotted B ass throughout the L WR, overall the size structure sampled by each design was 
the same. B ased on these findings, I determined that random sampling was the preferred 
method for sampling these low density sport fish populations in large riverine systems 
because this design provides the greatest spatial coverage of habitats and statistical 
power, and provides a representative measure of abundance throughout an entire aquatic 
system rather than specific sites .  Fixed sampling may be adequate when targeting a 
species, which is evenly dispersed and not specific to particular habitats, but biases 
associated with this sampling design must be acknowledged to ensure a representative 
sample of the target population (McClelland and Sass 20 1 2) .  Sampling of preferred 
habitats may still be necessary to assess population characteristics of rare species or 
habitat specialists . 
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Overall, the parasite community of Spotted Bass in the LWR was low in diversity 
and abundance, matching the characteristics of an isolationist community described by 
Holmes and Price ( 1 986) .  Helminths documented from Spotted Bass in the LWR have 
been previously reported from Spotted Bass and other freshwater centrarchids (Bangham 
1 93 3 ,  Hoffman 1 999) . Host length was positively associated with the number of parasite 
species present, total parasite abundance, and prevalence of individual parasite taxa. The 
s implicity of the parasite community in Spotted Bass from the LWR is likely due to the 
subjective selection of aquatic insects as the primary prey item throughout their entire life 
history. Length specific differences may be the result of increased exposure of parasites 
transmitted via direct contact; through accumulations from increased time in the system 
or specific habitat use to complete life history events such as spawning in low flow areas ; 
or the ingestion of additional prey items such as fish which can serve as intermediate 
hosts for diet transmitted helminths (Smith and Page 1 969) .  This study provides essential 
information on the sampling, population characteristics, and health of Spotted Bass in the 
LWR, which is valuable in the management of this population as a sustainable fishery. 
This study also contributes to the limited amount of information regarding the status and 
wellbeing of low density populations of sport fish in large riverine systems throughout 
the Midwest, which are vastly understudied. 
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APPENDIX: White Grub in Centrarchidae from the Ohio River Drainage 
METHODS 
Field Collections 
Species from the family Centrarchidae were collected from 20 1 4  and 20 1 5  
throughout the Illinois portion of the Ohio River Drainage. Fish were collected from the 
main channel of the Ohio River and seven o f  its tributaries using pulsed DC and AC boat 
electrofishing (Figure 3 . 1  ) .  Sites sampled from the main channel of the Ohio River and 
Wabash River were sampled using pulsed DC electrofishing, whereas collections in the 
remaining six tributaries were completed using AC electrofishing. Site locations within 
the Ohio River and the Wabash River were randomly generated using a geographic 
information system. All other tributaries were sampled approximately one mile from the 
confluence with the Ohio River. Fish were identified using the morphological 
characteristics described by Pflieger ( 1 997) .  All fish were measured to the nearest mm 
total length and weighed to the nearest gram. 
Necropsy 
Visceral necropsies were performed on 359  centrarchids from 3 genera and 1 1  
species from the Illinois portion of the Ohio River Drainage. Samples were allowed to 
thaw for at least 1 2h prior to dissection. During dissection, sagittal otoliths were removed 
from the neurocranium and placed in a rnicrocentrifuge tube for age estimations . Sex of 
each host was determined by examination of the gonads . Often sex in centararchid 
species less than 1 00 mm could not be identified, so sex was classified as unknown. 
Visceral organs (heart, kidney, liver, and spleen) along with tissue along the 
neurocranium and the first two vertebrae were removed from the body cavity, 
compressed b etween two slides, and examined for white grub infections . Visceral organs 
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greater than 0 . 1 5  g were sectioned into multiple pieces to maintain visibility through the 
tissue. 
Aging 
Sagittal otoliths were allowed to dry for at least 3 weeks before being embedded 
in epoxy. Multiple 5 00 µm transverse sections were cut from each otolith using a Buehler 
Isomet® low speed saw (Buehler Limited, Lake Bluff, Illinois, Jenke 20 1 2) .  Cross 
sections were placed in immersion oil on a contrast background and viewed under a 
stereomicroscope (Leica Microsystems Inc. ,  Buffalo Grove, Illinois) . In a blind fashion, 
two independent readers estimated the age of each fish by counting the number of annuli 
on each section. Readers resolved discrepancies with a consensus age . 
Data analysis 
Standard measures of parasitism described by Bush et al . ( 1 997) were calculated 
for each host species. Prevalence (percentage of hosts infected with white grub), mean 
intensity (average number of white grub metacercariae per infected host) ,  and mean 
abundance (average number of white grub metacercariae per host including uninfected 
hosts) were calculated for each host species . All statistical tests were performed using the 
software program R 3 . 1 .2 for Windows (R Core Team, 20 1 4) .  White grub abundance 
data were analyzed using nonmetric multidimensional scaling (NMDS) with the 
metaMD S function in R on the relative abundance within each visceral location using 
Bray - Curtis distance metric. Parasite abundance was also analyzed using a 
permutational MANOV A in the adonis function with host genera as a factor. White grub 
intensity within each host was not normally distributed so data was logl 0 + 1 
transformed to meet the assumption of normality and analyzed using an ANOV A with 
host genera and viscera as factors . 
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RESULTS 
Hosts 
A total of 359  centrarchids from 3 genera (Lepomis, Micropterus, Pomoxis) and 
1 1  species (L. macrochiris, L. cyanellus, L. megalotis, L. humilis, L. microlophus, L. 
gulosus, M salmoides, M dolomieui, M punctulatus, P. nigromaculatus, P. annularis) 
were examined. Length frequency histograms of necropsied fishes differed between the 
three genera. The majority of Lepomis spp . were < 1 5 0  mm, whereas the majority of fish 
from the genera Micropterus spp . and Pomoxis spp . were > 1 50 mm (Figure 2) .  Age 
estimations of necropsied centrarchids ranged from 0 - 7 years with the maj ority of 
samples being less than age 4 (Figure 3) .  Largemouth Bass and Spotted Bass  were the 
only two species, which had individuals older than age 3 .  
White Grub 
A total of 32 , 123 white grub metacercariae was recovered (Table 1 ) . Prevalence 
ranged from 7% in Black Crappie to 1 00% in Redear Sunfish and W armouth. All hosts 
except Green Sunfish, Black Crappie, and White Crappie exhibited a prevalence greater 
than 55%.  Mean intensity ranged from 1 in Black Crappie to 23 1 in Spotted Bass . 
Bluegill, Largemouth Bass, and Spotted Bass were the only three host species with a 
mean intensity greater than 1 50 metacercariae per infected host, whereas all other species 
had a mean intensity less than 1 5 .  
White grub infections varied by host genera (Figure 4). Host genera explained 
8 .0% of the variation in the data set (pMANOVA F 1 ,  242 = 20.92, p < 0 .00 1 ) .  In the 
NMDS, Micropterus spp . loaded negatively on NMDS axis 1 ,  whereas Lepomis spp . 
loaded positively. The majority of Micropterus spp. infections were characterized by 
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infections in the spleen and head, whereas the maj ority of Lepomis spp. infections were 
characterized by infections in the kidney and heart. Very few white grub infections were 
uniquely identified by infections in the liver because this was the most commonly 
infected location in all hosts . 
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Table 1 .  Prevalence and mean intensity of white grub from 1 1  centrarchid species from 
the Illinois portion of the Ohio River Drainage. 
N % Prevalence Mean Intensity (SE) 
Lepomis spp . 
Bluegill 44 86 1 56 . 6 1  (48 . 80) 
Green Sunfish 26 1 5  1 .25 (0 .25) 
Longear Sunfish 50  62 1 2 .42 (3 . 96) 
Orangespotted Sunfish 3 6  56  6 .00 (2 . 1 5) 
Redear Sunfish 1 7  1 00 8 . 35  (2 .79) 
Warmouth 1 3  1 00 1 2 .92 (2.94) 
Micropterus spp . 
Largemouth Bass 1 8  89 1 52 .00 (75 .00) 
Smallmouth Bass 8 63 2 .20 (0.49) 
Spotted Bass 1 26 79 23 1 .34 (46 . 5 8) 
Pomoxis spp . 
Black Crappie 1 5  7 1 .00 (0) 
White Crappie 6 0 NA 
6 1  
River 
- 1 .  Saline River 
- 2. Lusk Creek 
- 3. Bay Creek 
- 4. Barren Creek 
- 5. Dog Creek 
- 6. Alcorn Creek 
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Figure 1 .  Map of the Illinois portion of the Ohio River Drainage . Collections were made 
in the main channel of the Ohio River, Wabash River, and six Ohio River tributaries .  
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Figure 2 .  Length frequency histograms of the 1 1  centrarchid species necropsied from the 
Illinois portion of the Ohio River Drainage . 
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Figure 3 .  Age estimations of the 1 1  centrarchid species necropsied from the Illinois 
portion of the Ohio River Drainage . 
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Figure 4. NMDS plot of relative white grub abundances plotted by the five major 
visceral infection areas and separated by host genera. Species scores represent the 
influence of visceral locations on the ordination. 
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